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Sudckslful TTansplantation of Mentis Hi 
30 Miiiutes After Death Froinn Exsanguinate©])* 

Stevei R. (Sundry, MD, Javier Alonso de Begona, MD, Iflotohird Kawauchi, MD, :arld 

■ ! ! ! . .!. i 

excision, thej "dead" dofr heart was transplante. ortho- 
topically. The heart wa rep erf used Willi low low (25 
mL/min), tow pressure; (30 mm Hg>, 
(hematocrit, b.08 to 0.12) Wood supplemented witti pros- 
taglandin E^and nifedipine for 15 minutes, followed by 
tuU flow reWannmg H 45 minutes. All hearts resumed 
normal contractions. All animals were weaneji from 
bypass without knotroies. Pressures a half hojir after 
bypass were (in mm fig): aorta, SO * 10; V^ a "V 
artery 20 ± 5; right atrium, 9 ± 5; and left atnuni, 9 ± 2. 
WeTonclude thlt hearrs "dead" for one half ;h«jur after 
exsanguination are capable of being reanimated and 
used successfully as donor organs. With further devel- 
opment, this method .jould potentially greatly expand 

the donor heart pool, j ■ J 

! (Ann Thorac Surg 1992&:772-5y 

i i : ■ 



The donor pool for heart transplants is severely hmi'ed. 
Unforhlnitely; many trauma patients who might be 
donotsldi= of exsanguination before their be 
used. We testeid whether hearts "dead" for one half hour 
after exsanguination could be used as heart transplants 
in 8 lambs (mean weight, 8 kg). Pour lambs were exsan- 
guinated by severing the subclavian artery while simul- 
taneously! inhlsing intravenous saline solution to mimic 
resuscitation attempts. All animals died. Thirty minutes 
after hypotensive arrest and death, simulating the time 
needed! to secure donation permission, the heart was 
harvested^ perfused with 250 mL of cold cardioplegia 
containing 200,000 unite of streptokinase to dissolve 
intravascular clots, and stored in iced saline solution for 
a meaA cif 1.5. hours while 4 recipient lambs were pre- 
pared jfor operation. After bypass and recipient heart 



| 

The! donor ipool of brain-dead patients is the principal 
rdte^imiting step that prevents more widespread 
application ofi heart transplantation. It is estimated that, at 
most bniy one half of potential donors are utilized due to 
problems with consent or failure to meet established 
criterii for acceptability by a particular harvest ream More 
importantly, there exists a much larger potential donor 
pool dut consists principally of young adults who have 
died suddenly secondary to exsanguination from pene- 
trating or bluht trauma. These victims, who prior to their 
precirlitJus demise had normal organs, might be used as 
donoiL after' obtaining appropriate consent for donation, 
If mclhflids could be devised to reliably resuscitate then 
indivipuSal oifeans. t 

EncWagejd b y our success in ''* earumatm S 

hypoitcally arrested, asystolic hearts in a lamb model, we 
olccuL to apply these concepts to a traumatic exsan- 
guinate model where factors such as intravascular co- 
dttulalion and time intervals to secure permission for 
organ harvest might limit the concept's usefulness [1]. 
This rocjort iietmls the preliminary findings of our exper- 
imental ;pror>a ration. 

i 
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Material ajid Methods 

Eight farm-raised juveijile lambs of 6 to 9 kg ( 
were selected as random pairs; where a size disi 
existed, the 5 larger of the 2 animals was chose] 
donor (Fig 1). Thus, 4| animals were to becom 
whereas the other 4 seirved as recipients. 

The donor lambs vjere anesthetized with 
intubated, placed on f> Servo C volume venl 
maintained on halothahe anesthesia. Sbcteen-gaikge intra- 
vascular catheters were placed in the femoral vessels, and 
the arterial pressure Was transduced. A medial sternot- 
omy was performed, 4nd the right subclavian a tery was 
dissected aivd looped, j After stabilization, the artery was 
partially transected, resulting in exsanguination over a 2- 
to 5-minute period. sUultanebusly, 500 mL cf normal 
saline solution was administered intravenously through 
the femoral vein catketer to stimulate a resuscitation 

attempt, i j " - 

Despite this fluid resuscitation, blood pressur* dropped ; 
progressively over a d to 5-minute period until it became , 
unobtainable. Cardia<( electrical activity usually showed j 
initial tachycardia followed by progressive- bikdycardia ; 
leading tJ cardiac standstill 5 to 14 minutes after zero j 
blood pressure. The animal was left undisruibed for a , 
further 30 minutes. Rectal temperatures averaged 39^. ; 

After the 30-minute period, simulating the tir xe needed I 
to secure organ donation permission, the pericardium, 
was opened, the ascending aorta clamped, anc. the heart ; 
perfused with 250 mil of 4°C Roe's solution to vhich was . 
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'Fig I Experimental protocol. (Hct = hematocrit; PGEl - prostaglandin £,Jj 
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; addi?d 200,000 units of streptokinase and 10 mL of 50% 
: dexirose The heart was then harvested, inspected for any 
'gross ventricular cavity thrombi, and placed in iced saline 
isolation for a mean of 1.5 hours. 

After donor harvest, recipient lambs were similarly 
■anesthetized and canmilated, and a median sternotomy 
iwasi performed. The pericardium was incised and fash- 
ioned into a cradle. The animals were hepannized with 
4 mWkg of sodium heparin. The ascending aorta was 
'can&ated through a pursestring for arterial inflow and 
: the right atrial appendage canmilated for venous egress to 
'the ! pump-oxygenator. The animals were placed on by- 
pass using an asanguineous prime and cooled to a rectal 
! temperature of 20°C. 

. During bypass, prostaglandin E 3 administration was 
•started at 0.1 /*g ■ kg" 1 - win" 1 and continued until 30 
Intimites before weaning from bypass. Simultaneously, a 
!5-mfe nifedipine capsule was opened and its contents 
iwer? inserted sublingually. l , 

: After cooling, the ascending aorta was cross-clamped 
land! profound hypothermic arrest instituted. Cardiac 
transplantation was performed in our usual fashion, us- 
,ing the "dead" donor heart after excising the recipient's 
hear* [2) The venous cannula was reinserted into the 
I donor's right atrium, the left atrial appendage was 
i vented, and the lamb was placed back on bypass and 
Warmed. With the aortic cross-clamp still in place, an 
! 18-gauge cannula was inserted into the ascending aorta 
i and Connected to a separate line from the pump oxygen- 
! ator 1 which delivered low hematocrit (0.08 to 0.12), low 
i Ca 2 ^ (ionized calcium, 0.3 to 0.5 ng/dL), warm blood at 
low pressure (30 mm Hg) and low flow (25 mL/min) for 15 
minutes. The cross-damp was then released, the hemato- 
crit Concentrated, and calcium repleted during a further 
j45-rrjinute rewarming period. Bradycardia or temporary 
heart block was treated with boluses of 10 Mg <" isopro- 
terenol, but none was given after cessation of bypass. All 
four hearts returned to sinus rhythm before weaning from 
bypass. 

' i 
Results 

Wf ter a total reperfusion period of 1 hour, all four hearts 
>vere! weaned from bypass. Pressures were measured with 



inkwelling needles at 1, 5, 15, and 130 minutes after 
b>tpass. At 30|minutes after bypass systepe aortic Fissure 
wis 80 ± 10 mm Hg, pulmonary artery pressure was 20 ± 
5 mm Hg, ank right and left atrial meai, pressures: were 9 
±^5 and 9 4 2 mm Hg, respectively Hemodynamics 
reinained stable throughout the observation period, and 
no animal's condition deteriorated before termination of 
the experiment. All animals were the* euthanized and 
their heaTts recovered. 

i 

Comment I t 
Indecent yeak efforts by Buckberg akd his coUJagues 
halve suggested that cardiac ischemia o prolonged dura- 
tiJn doeVnot] in and of itself, lead to a rdiac necrosis. In 
the past, irreversible cardiac musde damage has been 
nidged to occur after ischemia based upon pathologic 
shidies of myocytes examined after myo ardial blood flbw 
restoration, presupposing that restoration of bloc^d [f|pw 
did not impark a reperfusion injury pf fs own [9Jj Tims, 
periods of mo|re than 15 minutes of wahn ischemia have 
been thoughtlto produce, degrees M^T^^^T 
dUl damage or necrosis, characterized bathologicalry by 
contraction bands and calcium deposition within swollen, 
deranged mitbehondria [fl. Although ittle doubt exwts 
thit these changes do indeed occur with! the restoration of 
normal arterial blood flow, it is now equally apparent that 
the restoratioti of such "normal" blofrd flow may be 
wrloUy or partially responsible for this ''ischemic" necrouc 
damage via numerous mechanisms of ^perfusion injury. 

Altering the 1 extent of reperfusion injury in the globally 
ischemic heart! has been the subject of intensive laboratory 
anfl clinical work by ourselves and others in recent yeajs. 
Oiir laboratory effort parallels bur clinical findings that 
donor hearts .obtained from infants Resuscitated from 
sudden infant death syndrome, ofteri after prolonged 
"down" times of 20 to 40 minutes, function well both in 
the short and Imedium term after beingUransplanted [5]. 



These clinical findings mirror our initial experimental 
results, that ijeonatal lamb hearts subjected to hypoxic 
arrfest can be successfully transplanted! and reanimated 
after 10 to 21 minutes of warm asystole [L]. The donors, m 
these previous experiments were pretrejjted with prosta- 
glandin and nifedipine, so that the present experiment 
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The m ^ods chosen for ^kHJw^ 
based oh easily Controlled the use of a 

in a traditional bypass circuH J*^""/' ^ 
yow-calci^j ^^ n f 0 S«ufur Ltciun. available 
may ^f^^^^^TS^Llarly. the use of an 
for ^^^rime Uth i« resultant hemodilution. 
asanguii ecwa pnme, witn j ; the reper . 

dramattfally reduces rom^d ^laurnje re- 
fusal 1,0* calcium re P«^f"/^ e pli nfThis with a 
duces %^ n b ,X7sSh as d^em further pre- 

calcium chbnnd blocker sucr. al<lium [7]. (4) 

vente caldiun r^^'S Ix^sT Che cardioplegia 
AdditU of Wg> amounts^ dextrose^o ^ ^ 

soluttoJot.dortor'scBCulation orboth^ n ^ 

sray ofU r cHrpcal l ^ a ^S [S ^ significanUy 

shown iy P^^^^' Xn included in cardiople- 
u^provimyc^lf^ ^ , ow . 

gia solWbns.. (5) own to significantly 

pressur >, low-flow blood tws^s isc hemia, 
LlvageUocardial contact. «y ^^nutes 19, 10], 

partially if l^ 1 ^, 1 ^^™? droller pumpduring 
and carlbe easily adrn^ste^ J ^ ^ 

initial rewamung. ^jn«n . rfusicm 
effect a e unclear, but lo ™ ° / and lhe washout 
most liU Pjt- nts ^Sf^ wi ? hin ?he vasculature, 
out of jroLnded- «^™£? faetor to continue to be 
allowing smooth *^„"*™£* r phenomenon. 
producU * ^^ornbinattons of agents and 

It is possible thal . 0 ™^. C ° atleast equal effects on 

tne recovery W ^ Y q{ wann ischemia 

the recovery cjf hearts alter j» oossible, but repre- 

USC , tedSS observation of improved myocardial 
unpubhshed clinicsu c . dition in infants who 

perfotknanceiand overall _ cu " lca .' , , transplants- 

agentl described above preUmi- 
Finku?' il f 1 " 81 bc n0tCd .!l,^T thfonlv end point of 
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as to how long is "too Mg Our Sftrkngs 

regardless of the methods of deakh i XJre 

s^est that 

extensive ^examination ^uch reex . ^ bg 

tually lead to the conclusion that cadaveric 
unsuccessfully £ HgSSS* in an experW 

In conclusion, we nave acmw "Hpad" for one 

-V ^S^SSSSn arelapLe of 
half hour after death fror^exs gu^ for d T 

SfSKS £ "K^ - -prelimi-ry. feher 
fe^ernTte could result in the utilfeat.on of an 
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,-»»4M d BALDWIN (New Haven, CT): Not surprisingly 
1 ^ Si^atWe group as the Loma Linda group, tt»s is 
suoh an innovative group ~ ... „jd resses , as they 
«KMh«> and interesting report which addresses, w / 
X try i,»,H„l..nl problem. As we all know, there are 
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like ofjpursuit. This, as Dr Gundxy pointed out is not an entirely 
nfew idea. There has been interest in this phenomenon, particu- 
larly ir| Japan where there has been difficulty with the concept of 
bfain death and where there have been some reports of attempts 
of cadaveric resuscitation of potential heart grafts, particularly 
after Or Wada's singular experience with an attempted . heart 
transplantation in Japan. 

;1 think Dr Gundry and associates have quite properly focused 
on thejrepeifusion injury as the most important aspect of this 
model,; as one is not particularly surprised by the absence of 
structural damage, per se. I think that the study would have been 
erjtaneed, however, by inclusion of some biochemical data as 
JT as | some assessment of myocardial edema, which certainly 
hais been seen in longer preservation standard heart rransplsnta- 
ticjn. ; 

I think that those of us who worked in Palo Alto with Dr 
ShUmway when no one else was doing heart transplantations in 
significant numbers may be responsible for excessive conserva- 
tism devaluating donors, and these criteria, of course, have 
crept inje textbooks and federal documents and so on. One of the 
questions J would like to ask Dr Gundry is whether or not their 
texperie^ce with this model has in any way influenced their 
ittitudej toward hemodynamic instability or toward the issue of 
Jitef periods of cardiac arrest, which have been, of course, 
iccbpted but really limited to brief defibrillations. 

%conb*, I believe that it is important to ask why the saline 
■esjiBdtition was administered. This may have had a significant 
lushingjeffect. it is unclear, of course, as to whether or not there 
Vere any clots dissolved by the streptokinase tha t was given, but 
jhejsalirje administration may be an important aspect of this 
£to£el and one that would not always be duplicated in dealing 
Tjvrrji trauma victims. 

| Finally., I would ask whether he can provide us with a rationale 
far the use of the prostaglandin E, pretreatment in the recipient 
arid; also [apparently during the reperfusion of the heart. 

OR iGUtf DRY: I would like to thank Dr Baldwin for those very 
eftceMent "comments. First of all, this study did not evaluate any 
^emiial changes within the heart or the presence or absence 
rjyocardial edema. This study is a prelirninary study, and (at 
U aslj in oiir laboratory) our feelings have always been to try and 
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keeji it simple. SurvivabiUty Without inotrqpe:i, even for a! short 
period of time, wjis our end ppint and cerra$n$ justifies continu- 
ing jhis study ajs to the exact biochemical [changes that axe 
occurring in thesi hearts. j 

Iniregard to whether this particular stuiy ind other siudies 
that we are doini in our laboratory have qhaiiged what we do 
withour donor hcjarts, that is absolutely tru|. J rtualry both] have 
been: synergistic fin a way. We have found in our infant trans- 
plantation experience that infants who die of! su iden infant death 
syndrome, who account for a great number of our donors Jhave 
had anywhere from 10 minutes to 40 minute 3 of documented 
downtime, during which no resuscitation atteripts were under- 
taken, and may have had up to 2 hours of cardiopulmonary 
resuscitation by experienced people before thefr hearts resumed 
functioning. NowJ unfortunately all of these! children eventually 
succumb to brain death, but the amazing thing that we found 
was that their heaijts have been perfectly good! ^nese hearts have 
been restudied or) long-term folJow-up for] mbre than 5 fears 
now, i and we haVe found nb detrimental cjhanges in jtheir 
long-term myocariial function. Indeed, as aj result of these 
studies we have been prepared to take doriorJ who are in! fact 
moribund. Many ojf our donors, thankfully, ha v4 been refused by 
four or five other tfams. We will frequently taki donors on very 
high-dose inotropes with very little Wood, pressure, and the! 
results have been very satisfactory. j 

Finally, in regard to the saline resuscitation, we made every* 
attempt in this mode] to mimic a clinical modk The problem 
with intravascular! thrombosis is a very real one in the limb 
model; You heard ^esterday in a canine model that up to 2hiurs 
without heparin irl a dead dofe does not result in significant : 
intravascular mrontbosis within the lung. Weidiaj not find that to : 
be fcrufe in the iarAb. In fact, the lamb dqes [have exrenWe : 
intravascular truxraibosis. The saline resusctlaliorL however. Was I 
attempted to mimiclour observations that most ojf the patient^ in ' 
the emergency room resuscitation setting havt had a s, 
resuscitation attempt or some other form of crys alloid infusion. ; 
In fact, most of the^e patients dp have inherent anticoagulation 1 
from their resuscitation attempts, which is dearlv 
operating room. Soj whether this does affect . th< 
this technique to a patient who arrives without i 
tation will have to be shown by further results, 
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The Language of Biotechnology- 



ttlhSmi-Dayeir celtotrcDJmMogirapjIhiy (YLC) Vthin-la-ar kro-ma-'tag-re-fe fte .'el l se)\ A 
chromatographic separation developed from paper chromatography in which the 
stationary phase is a thin layer of a powdered adsorbent, usually silica or alumina, 
supported by a glass or aluminum sheet. Such plates are commercially available in 
a number of forms depending on the nature of the solid phase and type of binder. 
The chromatogram is developed by placing the plate spotted with the analyte 
mixture in a small amount of the mobile phase, which is usually an organic solvent 
or mixture of solvents. The mobile phase rises up the vertical plate by capillary 
action, and separation of the components occurs by partition between the solid 
support material and the mobile phase. After developing and drying the plate, the 
spots may be visualized in a number of ways selective for the type of compound or 
submitted to UV radiation, under which the organic compounds often fluoresce. 

High-performance thin-layer chromatography (HPTLC) is a development of 
TLC that uses specialized adsorbent phases bonded onto the backing plate. Various 
adsorbents are commercially available for affinity chromatography or reversed-phase 
chromatography. High performance is also achieved by having an adsorbent of a 
-regular particle size. 

TMobascMBm ff<sinr<n>€>x§dl<nii?ds Xthi-o-ba-'sil-as fer-6-'aks-i-danz\ See microbial leaching. 

ttlhBcofl p>ir<n)tt<£ffl$<£$ \thi-6l 'prot-e-as-ez\ One of the four possible classifications of 
proteases. Thiol proteases have a thiol ( — SH) group at the active site that is 
essential for activity. See also bromelain, ficin, papain. 

ttltollx<a>ttir©|plh)y \thik- 1 sa-tra-fe\ A time -dependent reversible behavior of a fluid under an 
applied shear stress, such that on application of a shearing force the fluid becomes less 
viscous. When the shear force is removed, the viscosity returns to its original value. 

ft[fofix<a>ttir{Q>[p8<c ffflaofiafl \thik-S8-'tr6-pik Tlu-ad\ A fluid that, when subjected to a constant 
shear stress, such as agitation, exhibits a reduction in apparent viscosity with time. 

ttfairoinrolbBira (E,C \'thram-ban\ A blood coagulation enzyme responsible for 

the conversion of soluble fibrinogen to insoluble fibrin, which forms part of blood 
clots. Thrombin is a serine protease and is present in the serum as the inactive 
form prothrombin. Prothrombin is converted into thrombin as a result of tissue 
damage. See also fibrin, hirudin. 

ttlhtromnilbcEDDyttOc \thram-b9-'lit-ik\ Any compound that initiates dissolution of a blood 
clot (thrombus). See^ for exiample, eminase, plasmin, streptokinase, tissue plasmino- 
gen activator, urokinase. 

ttlhircBinnito&flS \'thram-bas\ See thrombolytic. 

tt[hy0ai[k<a>8<ifl§ \'thi-l9- koidz\ Membranous structures, shaped like flattened sacs, found in 
chloroplasts. A pile of these sacs is a jjranum. The thylakoid membranes contain the 
chlorophyll molecules and other components of the energy-transducing machinery 
necessary for photosynthesis. 

ttlhiyinraficdIBirae Mimase (ftlk) gjeirace Vthi-ma-den 'ki-nas ('te 'ka) 'jen\ A widely used 
selectable marker for transfection studies in eukaryotic cells. See selectable marker. 

ttO (ttaomrtKiDir-StnidlaflCDinig) [pflaisoTraOdl \'te 'I ( , t(y)u-m8r-in-'d(y)us-ir)) 'plaz-m8d\ See 
Agrobacterium tumefaciens. 



